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I INTRODUCTION 
Space electr ic  power systems depend upon the use  of re f rac tory  
metals in  a variety of component a r e a s .  
in the design of these sys tems is the long-time creep  strength a t  very 
low p r e s s u r e s  and elevated temperatures .  
of re f rac tory  metal alloys can occur  under conditions of 1 x 
vacuums better than 1 x l o e 8  Torr  mus t  be used to obtain meaningful 
c r eep  measurements  which can be employed in the design of space com- 
ponents. The init ial  work of this p rogram was to generate 1000 hour 
c r e e p  data on selected refractory alloys which have potential u se  in  
advanced power sys tems.  These alloys a r e  in the f o r m  of rolled sheet  
and forged plate with the former being considered as representat ive of 
ma te r i a l  for  cladding and tubing applications and the la t te r  for turbine 
components. Following the initial evaluation, p r imary  emphasis has  
been placed on providing long-time c reep  design data for  the tantalum- 
base  alloy T- 11 1 and the molybdenum-base alloys TZC and TZM. 
A cr i t ica l  property pa rame te r  
Since oxygen contam-ination 
Tor r ,  
This repor t  p resents  creep data for  vapor-deposited tungsten, 
TZC, TZM, columbium-modified TZM and T- 11 1. 
LI MATERIALS AND PROCEDURE 
The compositions of the various alloys which have been o r  a r e  
being tes ted a r e  presented in Table 1 while the ma te r i a l  form, the 
range of test temperatures ,  and heat t reatment  a r e  given in Table 2. 
A detailed review of the processing his tory of the alloys under evaluation 
w a s  presented in the Ninth Quarterly Report, NASA-CR-54772. 
In the cur ren t  t e s t s  vapor-deposited tungsten was evaluated as 
1/8" diameter  ba r  machined f r o m  the wall of vapor-deposited tubing. 
The TZM alloy was obtained f r o m  two different sources .  One 
lo t  of material, designatedas Climax Heat 7502, w8S purchased in €he f o r m  
of disc  forgings approximately 11 inches in diameter ,  while a second lot 
of material (Heat KDTZM-1175) consisted of a section of a disc  forging 
obtained by NASA f rom AiResearch. The ' la t ter  mater ia l  was processed by 
1 
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TRW EQUIPMENT LABORATORIES 
Universal Cyclops t o  produce improved creep  resistance>:< through the dev- 
elopment of a fine carbide dispersion. In o rde r  to produce this effect it is  
necessary  to work with a carbon level above 0 .  020/cc. Commercial  TZM bar  
has  a l so  been included in the studies a s  a means  of determining the influence 
of mater ia l  form on the c reep  proper t ies .  
To date two different heats of TZC have been tested.  These heats 
obtained from the s a m e  vendor, represent  a difference in processing t rea t -  
ment.  Heat M-80 involved finishing a 2" x 4" sheet  bar  by rolling a t  2925°F 
(1585 "C) using small reductions p e r  pass(approximate1y 4770). In contrast  
M-91 employed a finishing temperature  of 2372°F (1300°C) and a relatively 
la rge  degree of deformation pe r  pas s .  
The tensile proper t ies  of the various heats of TZC mater ia l  a r e  
summarized in Table 3. 
was tested a s  2" x 4" extruded bar and for  Heat M-89 which received the same 
fabrication sequence a s  Heat M-80. The r e su l t s  indicate that a f te r  3092°F 
(1700°C) annealing t reatment  Heat M-9 1 which had the relatively high degree 
of working per pas s  possessed a grea te r  ductility than that present  in specimens 
f r o m  Heat M-80. The lower yield strength in the M-91 specimens is  a resu l t  
of the M-9 1 mater ia l  being completely recrystal l ized af ter  annealing while 
specimens f r o m  Heat M-80 were  not ( s ee  F igure  1). Aging t rea tments  at 
2400°F ( 1316°C), following recrystal l izat ion at  3092°F ( 17OO0C), did not 
significantly a l te r  the room temperature  proper t ies  of the TZC f r o m  Heat 
M-91. Aging the as-received mater ia l  at 2250°F (1371°C) produced a dec rease  
in tensile strength of approximately 20'2J0. 
per t ies  of the TZC f rom Heat M-9 1 a f t e r  a 3092°F (1700°C) annealing t r ea t -  
ment a r e  summarized in Figure 2. 
Included in the Table a r e  data for Heat M-88 which 
The room and elevated tensile pro-  
Columbium-modified TZM, a relatively new alloy produced by 
Climax Molybdenum, was tested a s  a swaged 5 /8"  diameter  bar .  
testing the recrystall ization behavior of the mater ia l  was evaluated by aging 
metallographic specimens for one hour a t  2500, 2800, and 3000°F (1371, 
1538, 1649°C). The resu l t s  summarized in F igure  3 indicate that ve ry  
local recrystall ization occurred a t  2800°F (1538°C). However, neither 
complete recrystall ization nor any hardness  variation was noted a t  t emper-  
a tu re s  a s  high as 3000°F (1649°C). 
P r i o r  to 









Tensile Proper t ies  of TZC Material  
Strength (Ksi) 
Test 0. 2% 
Temp. , O F  Teesile Y i e l d  %E %R. A. - - - -  Condition 
A s  - received - 
3092"F, 1 h r .  RT 
2750"F, 25 h r .  RT 
As-extruded RT 
A s-ext ruded 2000 
3092"F, 1 hr. 1800 
3092"F, 1 hr.  2000 
As- r eceived RT 
RT 
3092"F, 1 h r . .  R T  
3092"F, 1 hr. R T  
3092"F, 1 h r .  1800 
3092"F, 1 h r .  2000 
3092"F, 1 hr.  2200 
3092"F, 1 hr.  R T  
3092"F, 10 hr. 




































42.  8 
47. 0 
50. 3 
99 .0  
. 0 5  0 
. 0 5  0 
7.00 10. 0 
0. 8 2. 6 
23. 3 72. 6 
31. 3 67. 6 
29. 4 67. 8 
1. 4 0. 8 
13. 2 13. 1 
9.  0 5.6-8.0 
4 .4  8. 6 
33. 5 87. 8 
42. 7 87. 8 
42. 3 88. 3 
13. 2 13. 1 
3. 8 3. 1 
4. 3 5. 5 



















TRW EQUIMENT LABORATORIES 
looX M-80 
lOOX M-91 
FIGURE 1 MICROSTRUCTURE OF TZC HEATS M-80 AND M-91 ANNEALED 
9 z n  1 HOUR AT 3092OF (1700OC). ETCHANT 15% HF, 15% H2SO4, 
8% HN 0 3 ,  62% H20. SURFACE PERPENDICULAR TO EXTRUSION. 
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The T- 11 1 alloy was obtained f rom two different sources .  One lot  
was produced by Wah Chang (Heat 70616), the other was obtained f rom 
Fansteel  (Heat D- 1670). 
for  one hour at 3000°F (1649 "C). 
Both lots were evaluated a f te r  recrystall ization 
The creep-test  procedure involved obtaining a vacuum of 5 x 
T o r r  o r  better at room temperature,  then heating the specimen at a r a t e  so 
L n a L  the pres su re  never went above i x i u  
performed on the mater ia l s  i n  situ, p r io r  to load application. 
t reatment  the specimens were cooled to 600°F o r  lower and then reheated 
to the t e s t  temperature  which was maintained for two hours to  insure equil- 
ibrium. 
decreased with tes t  time. 
I 3  - L .a-6 m i o r r .  i ieat  t reatment  was 
After heat 
During testing the vacuum was l e s s  than 1 x T o r r  and generally 
Specimen extension was measured over a two-inch gauge length with 
an  optical extensometer that determined the distance between two scribed 
reference marks  to an  accuracy of .5O,u-inches. The program plan 
involves testing the plate or forged alloys at tempera tures  between 1600 
and 2250°F (871 and 1235°C) until a 1% total elongation is obtained. The 
tungsten mater ia l s  a r e  being tested a t  2800 and 3200°F (1566 and 1760OC) for 
total extensions between 3 and 570 while the tantalum-base mater ia l s  a r e  
being evaluated in  the 1800 to 2200°F (982 to  1204°C) range to a n  elongation of 
approximately 2 to 570. 
goal of obtaining c reep  data over total t es t  t imes  between 1000 and 10, 000 
hours.  
The applied s t r e s s  levels have been selected with the 
LII RESULTS AND DISCUSSION 
The creep t e s t  data a r e  graphically presented as percent  elongation 
in the two inch gauge section as a function of the t ime at the applied s t r e s s .  
Reference marks  a r e  placed on the curves to indicate the chamber p r e s s u r e  
during the course of the tes t .  
p r o g r e s s  during this quar te r  a r e  given in detail i n  Appendix I. 
The numerical  c reep  data for each tes t  in 
Molybdenum- Base Alloys 
The three c l a s ses  of molybdenum-base alloys being examined a r e  
TZC, T ZM, and columbium-modified TZM. A summary  of the mater ia l s  
and  p re t e s t  t reatments  a r e  presented below. A variety of conditions a r e  
being evaluated in  an  e f for t  t o  determine the optimum treatment  f rom the 
standpoint of c reep  resis tance,  yield strength, and room temperature  ductility. 
9 
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TZC (Heat M-80) 
Annealed 3092°F ( 17OO0C), 1 hour 
TZC (Heat M-91) 
S t ress  relieved 2300°F ( 126O0c), 1 hour 
S t ress  relieved 2500°F (137 l"C),  1 hour 
Annealed 3092°F ( 17OO0C), 1 hour 
TZM (Heat 7502) 
S t ress  relieved 2 2 0 0 ° F  (1204"C), 1 hour 
TZM (Heat 7 46 3) 
S t r e s s  relieved 2250°F (1232"C), 1/ 2 hour 
TZM (Heat KDTZM 1175) 
S t ress  relieved 2300°F ( 1260"C), 1 hour 
Cb-Modified TZM (Heat 4305-4) 
S t ress  relieved 2500°F (1371°C), 1 hour 
The creep data for the tes t s  of TZC f rom Heat M-80 a r e  presented 
in Figure 4 while the data for specimens f rom Heat M-91 a r e  given in 
F igures  5 and 6. 
form of a Larson-Miller plot using a constant of 15. The data used to 
develop the Larson-Miller plot a r e  presented in Table 4. 
that a f te r  the 3092°F (1700°C) t reatment ,  ma te r i a l  f rom Heat M-80 has  
c reep  resis tance which i s  superior  to Heat M-91. 
slope of the Larson-Miller curve exis ts  between the two heats  as a resul t  
of the very low Larson-Miller value obtained on the specimen f r o m  Heat M-91 
which was tested a t  2200OF (1204"C), 
examination indicated no apparent reason f o r  this  va r  iation in behavior. 
The c reep  resul ts  a r e  summar ized  in F igure  7 in the 
The r e su l t s  indicate 
A l a rge  variation in 
14 K s i  (9 .  65 x 107N/m2).  Pos t  t e s t  
f cv. C 
0 0 
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TABLE 4 
0. 5% Creep Tes t  Data for  TZC Molybdenum-Base Alloy 
Lar sow Miller 
Hours for  TOR'( 1 5 t l o g t ) x  10-3 Specimen Te s t Temp e r atu r e S t r e s s  
No. O F  "C  Ksi N / m " x  lo8 0. 570 Creep for 0. 570 Creep 
Heat M-80, Annealed 3092°F ( 1700"C), 1 Hour 
B-8A 2200 1204 18 1. 24 1,100 48. 0 
B-9 2000 1093 20 1. 38 10,400 46. 8 
B-11 1856 1013 25 1. 72 75, ooo* 46. 0 
B- 10 2200 1204 17 1. 17 2, 500 49.0 
B-12 2056 1124 19 1. 31 35, ooo* 49. 1 
Heat M-91, Annealed 3092°F ( 17OO0C), 1 Hour 
B-31 2200 1204 14 0.965 320 46. 6 
B- 20 2000 1093 20 1. 38 3, 600 45. 6 
Heat M-91, S t r e s s  Relieved 2300°F ( 1260"C), 1 Hour 
B- 28 2000 1093 28 1 . 9 3  1,100 44 .4  
B- 19 1800 982 44 3. 03 1. 075 40. 8 
Heat M-91. S t r e s s  Relieved 2500°F 11371°C). 1 Hour 
B- 30 2200 1204 22 1. 52 70 44 .9  
B-32 19 35 1057 20 1. 38 12, ooo* 45.7 
B-33 1900 1038 22 1. 52 4, ooo* 43. 9 
:k Extrapolated Data 
15 
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At an applied s t r e s s  level of 20 K s i  (1. 38 x 108N/m2) the c reep  resis tance 
of the M-9 1 material ,  a f te r  the 3092°F (1700°C) t reatment ,  was comparable 
to that obtained with a 2500°F (137 1°C) s t r e s s  relief.  At the 1800°F (982°C) 
t e s t  temperature,  the mater ia l  in the 2300°F (1260°C) s t r e s s  relieved con- 
dition had creep resis tance which was significantly better than the other 
conditions evaluated. In fact the 1000 hour, 0 .  5% c reep  s t rength of 2300°F 
(1260°C) s t r e s s  relieved TZC at  1800°F (982°C) was significantly g rea t e r  
than the tensile strength of the same mater ia l  in the recrystal l ized condition. 
A comparison of the c reep  propert ies  of forged TZM disc  (Climax 
7502), TZM in commercial  ba r  stock form, and columbium-modified TZM 
bar  is  presented in Figure 8. 
stock had creep proper t ies  superior  to the forged disc.  In addition, when 
the comparison i s  made with the two bar  mater ia l s ,  the columbium-modified 
TZM appears  to have super ior  c reep  strength for the tes t  t imes  involved. 
The resu l t s  indicate that the commerc ia l  ba r  
The creep curve for TZM forged disc  (Heat KDTZM 1175), p rocessed  
for  high creep strength,  i s  presented in Figure 9 .  
44 K s i  (3 .  0 3  x 10 N/m2) ,  the mater ia l  exhibited 0. 128% c reep  a f t e r  3329 
hours.  These resu l t s  indicate that the processing used on TZM Heat 
KDTZM 1175 provided a significant improvement in c reep  resis tance.  
At 1800°F (982°C) and 
8 
A comparison of the c reep  strength of the TZM mater ia l  with TZC 
is presented in  Figure 10 on the basis  of a Larson-Mil ler  parameter .  P e r -  
tinent data a r e  given in Table 5. At the lower t e s t  t empera tures ,  the 
s t r e s s  relieved TZM mater ia l  was superior  in c reep  res i s tance  to the 
s t r e s s  relieved TZC. 
tested above 1800°F (982°C) so that no valid comparisons can be made with 
TZC under these conditions. 
The specially processed  TZM alloy has  not been 
The examination of a TZM creep  specimen af te r  extented elon- 
gation (6.  125%), see F igure  11, indicated that the deformation at  2000°F 
(1093"C), 
slip. 
41 K s i  (2 .82  x 108 N/mZ) proceeds principally by t ransgranular  
16 
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TRW EQUIPMENT LABORATORIES 
TABLE 5 
0.  5'7" Creep Test  Data for TZM Molybdenum-Base Alloy 
Larson-Mil ler  
Sp e c im en Te s t Temp e r a  tu r e S t ress  Hours for TOR( 15t logt)x l o m 3  
No. OF "C - Ksi  N / m  x lo8  0.  570 Creep  for  0. 570 Creep 2 
Heat KDTZM-1175, S t ress  Relieved 2300°F ( 1260°C), 1 Hour (Forged Disc) 
B-21 1600 87 1 65 4. 48 9,  600::; 39. 1 
B- 18 1600 87 1 55 3. 78 60, O O O > k  40. 7 
B- 25 1800 98 2 44 3. 03 7, OOO'k 42. 6 
B- 16 1855 1013 23. 4 1. 61 62, 500::; 45. 8 
Columbium-Modified TZM, S t r e s s  Relieved 2500°F (137 1 "C),  1 Hour (J3ar) 
B- 27 2000 109 3 41 2. 8 2  1, 080 44. 4 
Heat 7502, S t ress  Relieved 2200°F (1204"C), 1 Hour (Cross-Rolled Platc:) 
B- 1 2000 109 3 12 0. 826 605 43. 7 
B-3  2000 109 3 10 0.  689 13, OOO'k 47 .0  
Heat 7463, S t ress  Relieved 2250°F (1232"C), 1 Hour (Comn-lercial Bar )  
I .---.----.-.-.---.-.I 






FIGURE 1 1 CLIMAX TZM (HEAT 7502) STRESS RELl EVED 220CPF. TESTED 
AT 200OoF AND 41 ksi IN VACUUM ENVIRONMENT OF 
< 1  X 10-8 TORR. 6.215% CREEP OBTAINED IN 664.3 HRS. 
NOTE THE LINES INDICATING TRANSGRANULAR SLIP. 
lb7U 
Tantalum-Base T- 111 
Creep tes t s  on specimens f rom two heats  of tantalum-base alloy 
T- 11 1 are in progress .  The resul ts  of t e s t s  current ly  underway and 
completed during this  quar te r  a r e  presented in F igure  12. With the 
exception of the test on specimen S-24, the curves  a r e  character ized 
by an increasing c reep  ra te  with t e s t  time. 
A compilation of all data for T- 11 1 alloy sheet annealed for  one 
hour at 3000°F (1649°C) i s  presented in Table 6 and Figure  13. 
single value for Heat D-1670 indicated that this material had creep  
res i s tance  which was significantly l e s s  than that exhibited by Heat 70616. 
At the completion of the tes t ,  metallographic examination will be made 
to determine whether variations in grain s ize  o r '  s t ruc ture  exist  which 
could account for t%e difference in  'creep propzrt ies .  
The 
Vapor -Deposited Tungs ten 
The c reep  t e s t  r e su l t s  for the vapor-deposited tungsten are  
presented in  Figure 14. 
a r e  a l so  included in the graph to provide a 'relative indication of the, dif- 
ference in c reep  propert ies  between the two ma te r i a l  conditions. 
The data for a rc -mel ted  materia1,tested at 3 ksi,  
IV RESIDUAL GAS ANALYSIS 
The discussion of the residual gas analysis  in the Tenth Quarterly 
Report  indicated that the recorded composition of, the residual  gas  showed 
systematic  variations due to filament heating. The heat f rom the filament 
was believed to produce outgassing of the components in  the ionization 
section of the analyzer head which caused a n  increase  in  the water and GO2 
content of the residual gas .  In an attempt to  remedy this  situation, an 
auxi l iary power supply was used to hold the filament at approximately 
half- temperature  thereby allowing the ionization section of the analyzer 
to  become warm and outgas with t ime.  Subsequent tests have shown that 
this does not prevent additional outgassing when the filaments a r e  brought 
t o  full operating temperature .  On the basis  of these t e s t s  it was decided 
that  the best  procedure would be to turn the filament on at full power and 
with a minimum of delay,record the composition of the residual gas.  In 
th i s  way the outgassing of the ionization section would be minimized and 
the measured  gas  content would m o r e  accurately represent  the compos- 
i t ion in the chamber without the al terat ions produced by local heating 
effects.  
22  
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TRW EQUIPMENT LABORATORIES 
One of the vacuum creep  units which was undergoing leak 
testing provided an opportunity to examine the effect of various indi- 
vidual gases  on the overall  composition of the residual gas.  
in an  unbaked condition and a t  a p r e s s u r e  of 2 x 10-8 Tor r .  
valve was opened slightly to introduce a leak into the sys tem and the 
result ing recorded residual gases  a r e  shown in F igure  15. 
introduction of a leak caused an  increase in nitrogen (28)  (14) oxygen 
(32 )  and argon (40)( 20). 
obtained from the m a s s  numbers  given in Table 8, 
then introduced into the leak. 
(40 )  ( 2 0 )  and GO2 (44) while F igures  17 and 18 indicate the pat terns  
when helium (4)  water, o r  acetone a r e  allowed to enter  the system. 
Line 17 in Figure 18 is due to decomposition of the water to the OH 
ion. Acetone (58) introduced into the leak decomposes into various 
hydrocarbons H2 ( 2 ) ,  CH4, (16),  CH3 (15),  etc .  as  well as CO (28) 
and C 0 2  (44) .  
This unit was 
The roughing 
The 
The identity of a l l  the gas  species can be 
F igure  16 shows the effect of argon 
Other gases  were  
A general review of all the mass analyzer t r a c e s  indicate that 
8 the gases  which a r e  present  in the c reep  sys tems under t e s t  at 1 x 10' 
T o r r  a r e  in order  of decreasing intensity: carbon monoxide, water ,  
carbon dioxide, hydrogen, small quantities of methane, argon, and 
helium, and on occasion t r a c e s  of acetone and other contaminents which 
















TRW E Q U I ~ ~ ~ T  LABORATORIES 
I I I , ~ ~ : : ! !  I T I I I  T l l l l  1 1 1 1  I I I I I  I I I I I I I  I l l  I I I I I I I I I I I I  
i I DIV = I X TORR # 
I l l l l l l l l l l l l l l l l l l  I I I I I  
I I I I I l i l l l l l l l l l l l l I I I I I  
FIGURE 17 RESIDUAL GAS COMPOSITION WITH HELIUM INTRODUCED INTO THE LEAK. 










Mass Numbers of Various Gases  Found in 
Vacuum Creep Systems 
Element or Compound 
Hydrogen 








W a t e r  

















































30 thru 25 
44 thru 37 

TR W EQUIPMENT LABORATORIES 
I TABLE 1. I 
CREEP TEST DATA, TZC PLATE, HEAT M-80, RECEiYSTALLIZED AT 3092'F (1700'C) 1 Horn& 













1702  h O W S  
4.l. 3 






(2" G. Lo) 
Pressure 
(Torr ) 













e 0 5 8  
O b  002 










2.6 x lo4 -9 202 x 10 - 
































3.9 x 103 
6.4 x 104 
b.2 x .104  
7.5 10-9 
7.5 10-9 
1.2 x 10-8 
5.5 10-9 
3.8 10-9 
4.6 x 10-9 
4.4 x 10-9 
4.4 x 104 
3.8 x 10.9 
3.8 x 10.9 
4.0 x 104 
4.0 x 104 
3.8 x 10-9 
-- 
7.0 x 104 
7.2 x 104 
1.3 x 
2.6 x 10.9 
0- 
3.5 x 104 
4.2 x 10-9 
7.5 x 10-9 
4.4 x lo+ 
7.b x 10-9 
5.4 x 10-9 
2.4 x 103 
2.7 x 10; 
4.6 x 10 
2.9 x 10 
3.8 x 
6.2 x 109 
3.8 x 10-9 
4.2 x 10-9 
2.6 10-9 
4.4 x 109 
TRW EQUIPMENT LABORATORIES - 
TABLE I (Continued) 
Pressme 
(Torr) 
c IRW EQUIPMENT LABORATORIES 
Time 
7217.2 hourrr 
TAELB I (Continued) 











11,248 . 2 
11,320.3 






0102 0 . 0102 0 
.01020 . 01025 
01025 
.01030 




510 . 510 
512 . 512 





3.4 x 10-9 
3.2 x 10-9 
2.9 x 10-9 
3.2 x 10-9 
4.0 x 10-9 
3.6 x 10-9 
2.9 x 10-9 
3.3 x 10-9 
3.8 x 10-9 
3.6 x 10-9 
3.9 x 10-9 
Test i n  Progress 
Specimen B-9 
TABLE I1 
CREEP TEST DATA, TZC PLATE, RECRYSTALLIZED AT 3092OF (1700°C), FOR 1 HOUR, 

















































4 5  
















1.4 x 10-8 
1.3 x 
5.8 x 10-9 
6.6 x 10-9 
6.8 x 10-9 
5.8 x 10-9 
1.1 x 10-8 
5 2  10-9 
4.4 x 10-9 
3.4 x 10-9 
3~ 10-9 
2.8 10-9 
3.4 x 10-9 
3.2 10-9 
3.1 x 10-9 
-- 
2.5 x 10-9 
3.8 x 10-9 
3-0 x 10-9 
2.0 x 10-9 
2.2 x 10-9 
1.6 x 10-9 
2.8 x 10-9 
-- 
IRW EQUIPMENT LABORATORIES 
TABLE I1 (Continued) 
TRW EQUIFWENT LABORATORIES 
TABLE I1 (Continued) 




































































































































































1.7 x loo9 
1.6 10-9 
1.6 x 10-9 



















1.8 x 10-i 
1.6 x lo1- 
1.3 1o09 
1.6 10-9 
1.7 x 10-9 
TRw EQUIPMENT UBORATOMES 
TABLE I1 (Continued) 
























. 00340 . 00350 
00355 . 00350 . 00355 . 00355 . 00350 . 00350 . 00350 
.00350 . 00345 . 00335 . 00345 
. 00345 
00335 . 00330 . 00340 . 00345 . 00340 
00335 
.00335 . 00340 . 00340 . 00335 . 00345 . 00340 
00345 
Creep 
. 170 . 175 . 178 
, -175 . 178 . 178 
a 
. 175 . 175 
-175 . 175 . 172 
168 . 172 
-172 . 172 
168 . 165 . 170 
.172 . 170 . 168 . 168 
-170 . 170 . 168 . 172 . 170 
Pressure 
(Torr 1 
1.7 x 10-9 
1.8 x 10-9 




1.7 x 10-9 
1.6 x 10-9 
1.6 x 10-9 
2.2 10-9 
1.5 10-9 
1.7 x 10-9 
1.7 10-9 
1.6 x 10-9 
1.6 x 10-9 
1.7 x 10-9 
1.6 x 10-9 
1.1 x 10-9 
1.0 x 10-9 
1.1 x 10-9 
1.6 10-9 
9.9 x 10-10 
9.7 x 10-10 
1.3 x 10-9 
1.h x 10-9 
1.6 x 10-9 
1.0 x 10-9 
Test i n  Progress 
Specimen Ell 
CREEP TEST DATA, TZC PLATE, HlW H-80, RE[BPSTBUIZED AT 30929 (170O0C), 1 HOUR, 



































-8 7.0 x io 
6.9 x lo4 
6.9 x lo4 
-8 6.8 x 10 - 
6.7 x 102 
1.4 x 10 
9.8 x 104 
3.0 x 104 
3.5 x lo4 
7.0 10-9 
- 
4.2 x 104 
3.8 x 104 
3.2 x 104 
5.1 x 104 
4.5 x 10-9 
3.5 -- x 104 
2.2 10-9 
1.2 x 10-9 
TRW EQUIPMENT LABORATORIES 
TABLE III (Continued) 
Length Change 
AL (inoh) 









































0110 . 108 . 1 1 2  . 118 
.118 . 118 . 112 
0 122 
0 122 . 120 . 118 
.118 
0120 . 125 
130 
132 
.I40 . 152 







.180 . i78 
1.1 x 103 
3.8 x 10 
2.8 10-9 
2.0 x 102 
1.8 x 10-9 
3.2 x 10-9 
2.7 10-9 
1.0 10-9 
2.1 x 104 
2.1 x 10-10 
2.6 x IO+ 
2.6 x 104 
2.9 x lo4 
1.7 x lo* 
4.2 x 
104 X lo4 
2.5 x 10; 
2.0 x 10- 
1.3 x 104 
7.0 x 
8.4 x 
7.5 X loo1' 
1.2 x 10-9 
7.4 x 10-10 
1.6 10-9 
1.h x 10'9 
7.2 x 10-1O 
2.0 x 10'9 
1.4 10-9 





2.1 x 10'9 
2.1 x 10-9 
2.2 x 10-9 
8.0 x 1Oolo 
9.2 x 10-y 
,Pressure 
(Torr) 
TRw EQUIPMENT LABORATORIES 











TRW EQUIPMENT LABORATORIES 
Time 












































TABLE I11 (Continued) 
Length Change 
AL (inch) 
.00405 . 00410 






00430 . 004hO 
00440 . 00440 . 00440 . 00445 
00440 . 00450 
00455 . 00465 
.00470 . 00475 . 00480 . 00480 
. 00470 . 00470 . 00470 . 00475 . 00475 . 00475 . O O w  . 0048 0 . 00480 . 00485 . 00485 . 00485 . 00490 
00495 . 00500 
(2" G. L. ) 
. ooh80 
0202 
.2Q5 . 208 
.205 . 205 . 210 . 210 . 208 . 210 . 218 




,220 . 220 . 220 
.220 













































2.2 x 10-9 
7.2 x loolo 
1.5 x 10-9 
1.4 x 10-9 
1.4 x 10-9 
1.3 x 10-9 
1.4 x 10-9 
1.4 x 10-9 
1.3 x 10-9 
1.3 x 10-9 
1.4 x 10-9 
1.3 x 10-9 
1.4 x 10-9 
1.3 x 10-9 
1.4 10-9 
1.3 x 10-9 
1.4 10-9 
1.4 x 10-9 
1.3 10-9 
1.3 .x 10-9 
1.4 x 10-9 
1.4 x 10-9 
1.4 x 10-9 






io, 318 . 1 
10,390.8 















1,3 x 10-9 
Test in Progress 
Specimen B-l.2 
TRW EQUIPMENT LABORATORIES 
CFLEEF' TEST DATA, T-111 SHEET, HEAT NO. 70616, ANNEALED AT 3000°F (1&9OC)  





















187 . 5 
238.7 
211.3 















. 00000 . 00005 . 00010 
00015 
0 00015 . 00010 
.00010 . 00005 . 00010 
00005 . 00000 - * 00005 
00010 . 0oo;Lo . 00025 . 00060 
.00070 




.00190 . 00195 . 002 05 . 002 05 . 00215 . 00245 . OO240 
.00250 . 002 70 . 002 75 
.00340 . 00370 
Creep - (%I 
. 000 
0002 
005 . 008 . 008 . 005 . 005 
.002 . 005 
002 . 000 - . 002 . 005 
.005 . 012 
030 
035 
.040 . 050 . 058 
.062 . 070 
.095 . 098 
.lo2 . 102 . 108 . 122 
.I20 
.125 . 135 . 138 
.170 . 185 
Pressure 
( T o r r )  
3.0 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.0 x 10-9 
3.1 x 10-9 
2.4 x 10-9 
2.3 x 10-9 
2.4 x 10-9 
2 . 1  x 10-9 
2 , 1  10-9 
2.2 x 10-9 
2.2 x 10-9 
1.7 x 10-9 
1.8 x 10-9 
2.3 x 10-9 
2.3 x 10-9 
1.9 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.4 x 10-9 
2.5 x 10-9 
2 .4  x 10-9 
2.2 x 10-9 












1098 . 6 
11700 7 
1194.3 




























&L (inch) Creep 
(2“ G.L.) - ($1 
. 00380 
e 0385 . 00385 . 00440 . 0044s 
0045s . 00480 
.005lS . 00560 
00575 









.00785 . 00795 . 00850 
.oo880 . 00890 . 009s 
00955 . 00965 
.00980 
00990 


















0345 . 358 
0375 





0445 . 452 










,605 . 610 
.618 
pressure 
( T o 4  
2.3 x 10-9 
2.b IC-? 
2.4 x 10-9 
2.4 x 10-9 
2.3 x 10-9 
2.3 x 10-9 
2.3 x 10-9 







2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.1 x 10-9 
2.0 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.2 x 10-9 
2.3 x 10-9 
6.7 x 
6.8 x 10-10 
6.8 x 
2.2 x 10-9 
6.7 x 10.9 
6.6 x 10-10 
6.9 x 
2.0 x 10-9 
6.3 x 
6.4 x 10-10 
2.1 x 10-9 
6.3 x 10-10 
6.4 x 10-10 
6.3 x 10-10 




I - TRW EQUIPMENT LA BORA TORIES 
TllBLE V 
C- TEST DATA, TZC PLATE, HEAT M-91, ANNEALED AT 3092'F ( 1 7 0 0 O C )  FOR 1 HOUR, 
TESTED AT 20OO0F (lOg3OC), 20,000 PSI (1.38 x 10%/m2) 
Length Change 
AL (inch) Pressure 










































00020 . 00015 . 00020 
do025 . 00020 . 00025 . 00025 
oowo . 00030 . 000'75 . ooaoo . 00155 . 00185 . 00210 . 00220 . 00240 
00270 
.00290 . 00300 










008 . 010 
4 Old . 010 
008 . 010 . 012 . 010 
012" . 012 . 010 . 015 . 038 
O b 5 0  . 078 . 092 
1% . 110 . 120 
135 
'0 145 . 150 . llr8 
. 4 8  
0 155 
. l 78  . 180 . 182 . 182 . 182 . 188 
8.2 x 10; 
8.2 x 10 
8.2 x lo+ 
8.2 x 10'9 
8.2 x 10-9 
8.2 10-9 
8.2 x 
8.2 x 10 
8,2 x I O 4  
8.2 x 109 
8;2 x,10+ -9 
8.2 x I O y  
8.2 x 103 
8.2 x 10 
8.2 10'9 
0.2 x 104 
8.b x 10-9 
7.2 x 104 
4.0 x 104 
3.2 x lo$ 
2.6 x 10 
2.4 x 10-9 
1.4 x 10-9 
2.1 x 10-9 
1.2 x 10-9 
1.1 x 10-9 
9.7 x 10-10 
7.9 x 10-10 
9.6 x 
6.7 x 10-10 
6.1 x lQe10 
9.2 x 
6.3 x 10-10 
8.1 x 
8.2 x lO=. lO 
7.8 x 10-lo 
I .  
I 
TRW EQUIPMENT LABORATORIES 
Tiae 


















































































































TABLE V (Continued) 
Pressure 
0 
7.4 x 10-10 
7.2 x 10-1O 
7.1 x 
7.0 x loom 
7.0 x lW1* 
6.6 x 1CPiQ 
6.4 x 
6.a x 
6.2 I loolo 
6.0 x 
6.0 x loolo 
5.8 x 10-10 
5.6 x l P I O  
5.7 x 10-10 
5.4 x 10-10 
5.4 x 10-10 
5.4 x 10-10 
5.4 x 10-10 
407 x 10-10 
4,9 x 10-10 
4.9 x 10-10 
5.1 x 
5.1 x 
-10 4.8 x 10 





3.1 x 10-l' 
3.6 x loolo 
3.4 x 10-10 
3.4 x 1 0 - 0  
3.3 x 10-10 
3.4 x 10-10 
3.3 x 10-10 
3.2 x lWIO 
TRw EQUIPMENT LABORATORIES - 
Time - 
3475 . 0 





3979 . 7 
4 0 S ~  3 
447 . 1 
4218 . 3 
4314.4 
4386.5 















Test i n  Progress 
Specimen B-20 
T m  V (Continued) 
Length Change 
PL (inch) Creep 




0102 0 . 01050 . 01070 . 01140 . 01145 . 0145  
.Oll45 . 01160 
.oil65 
.01230 . 01225 
.012 35 . 01240 . 012 70 
.01290 . 012 90 . 01300 
.01310 
.01340 
.013?0 . 01375 
01395 . 01405 
.01380 




645 . 650 
655 . 610 
.685 
.688 . 690 . 698 . 702 
3.4 x 10-10 
3.2 x 
3.2 x 
3.1 x loolo 
3.1 x 10-10 
3.1 x 
2.9 x 
2.9 x 10-10 





3.2 x loolo 
3.0 x 10-l' 
3.0 x 10-10 
3.2 x 
3.0 x 10-10 
2.9 x 10-10 
2.8 x 10-10 
2.8 x 10-10 
3.4 x 10-10 
3.3 x 10-10 
4.4 X loolo 
2.8 x 10-10 
2.8 x 10-10 
2.7 x 10-10 
TdBLE VI 
QBEP TEST DATA, T-U-1 SHEET, HEAT NO. 70616, ANNEALED 30oOOF (1&9OC) 


























.00015 . 00010 . 00020 . 00015 . m 1 5  
.00020 
.O0020 . m 1 5  . 00015 
.00020 . 00070 
.00os5 . 00110 . 00135 . OOl40 
.00160 . 00165 
.0016Q 
.OO180 . 00195 . 00195 
.00200 




Creep - (%I- 
.a 
0000 . 000 . 005 . 008 . 005 . 010 . 008 
.008 . 010 
0010 
0008 
0008 . 010 




( T o 4  
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x l(r9 
3.2 x 10-9 
3.2 x 10-9 
3.2 x 10-9 
2.6 x 10-9 
2.2 x 10-9 
2.1 x 10-9 
1.9 x 10-9 
2.0 x 10-9 
1.8 x 10-9 
1.8 x 10-9 
1.8 x 10-9 
3.2 x 10-9 
3.2 10-9 
1.8 x 10-9 
1.6 x 10-9 
1.6 x 10-9 
1.7 x 10-9 
1.9 x 10.9 
TRW EQUIPMENT UbORATOmES 
TABLE VI (Continued) 
Time 
617.0 










1073 . 1 
1097.0 












.00215 . 00220 . 00230 
.00230 . 00235 . 002 35 
002 35 
.00240 . 00240 







.00290 . 00300 . 00305 
Creep - (%I 
0 105 . 108 . 110 . 115 




0120 . 122 
0120 
0125 
2 5  
.l28 . 132 
.138 
.a0 
03-45 . 150 
0152 1.7 x 10-9 
Test i n  Progress 
Specimen S-24 
TBBLE V I 1  
CREEP TEST DATA, TZC PLlTE, m T  PI-91, ANNEUED AT 23WF (1260°C) ,  RIB 
1 HOUR, TESTED AT 2 W F  (1093OC), 28,000 PSI (1.93 X lo8 N / d )  


















rRH/ EQUIPMENT LABORATORIES 
















1085 . 9 











15k2 . 0 
1566.3 
1589.8 
1662 . 0 
1685.9 
1710 . 0 
1734.0 
Length Change 
4 L  (inch) 
. 00745 . 00765 






.009 70 . 00980 . 009 75 . 01030 . 01075 









.01250 . 012 60 . 012 65 
-01280 
Creep - ( % I  
0372 
390 
392 . 400 . 430 













555 . 558 
'. 568 
.582 
.585 . 588 . 595 




3.7 x 10-10 
3.7 x 10-10 
3.4 x 10-10 
3.9 x 10-10 
3.8 x 10-10 
3.6 x 10-10 
3.6 x 
3.6 x 10-10 
3.6 x 1 O - l o  
4.8 x 10-10 
3.2 x lWIO 
3.1 x 
3.6 x 
3.4 x 10-10 
3.0 x 10-10 
2.4 x 10-10 
2 . 1  x 10-10 
2.0 x 10-10 
2 . 1  x 10-10 
2.0 x 10-10 
2.0 x 10-10 
2.0 x 10-10 
2.8 x 
1.9 x 
1.8 x 10-10 
1.6 x 10-l-o 
1.8 x 10-10 
1.6 x 
1.6 x 
1.4 x 10-10 
1.4 x 10-10 
1.8 x 
1.3 x 10-lo 
Test i n  Progress 
Specimen B-28 
TABLJ3 VI11 
CREEP TEST DATA, STRESS RELIEVED TZM RIRGED DISC, CLIMAX HEAT NO. 7502, 

























Creep - (%I 
T e s t  T e r m i n a t e d  - 5% Creep 
Specimen E29 
TABLE IX 
CREEP TEST DATA, TZC PLATE, M-91, ANNEALED AT 2500OF (137loC), FOB 
1 HOUR, TESTED AIp 2200°F (1204°C), 22,000 PSI (1.52 X l$N/dl 



























.00005 . 00000 . 00000 . 00000 - ,00005 . 00000 
.00010 . 00005 
.00015 
.00015 . 000s 
00030 . 00050 . 00060 






. 002 . 000 . 000 
.ooo 
- 0 0 0 2  . 000 
e 005 . 002 










0 5 1 2  
.595 
,626 





L O L O  
1,232 
1.280 
Tort  Torminatod - 1s Oroep 
dwoimn B-30 
TRW E Q U I ~ ~ N T  LABORATORIES 
TABLE X 
I .. 
I -  
CREEP TETST DATA, TZM FtRGED DISC, REAT NO. 1175, TESTED AT 1800'F (982OC) 











































































4.8 x 10-7 
4.8 x 10-7 
4.8 x 10-7 
lL.8 x 10-5 
4.8 x 10-7 
4.8 x l ( r7  
4.8 x 10-7 
3.0 x 10-7 
2.8 x 10-7 
4.8 x 10- 
1.1 x 10-8 
2.1 x 10-8 
mw EQUIPMENT LABORATORIES 




(2” G. Lo) 
0 OOlSO 
0 00150 








P V Q Z  
0 &.Id> . CSl90 . 002 00 
.00215 . 00210 . 00215 . 00215 
,00220 . 00225 . 00235 
.00230 




002 45 . 00245 
.00245 
.0@45 
















. 088 . 088 
.090 . 090 
.092 . G92 . 0% 
100 . lo8 . 105 . 108 . 108 
.110 
















Test in Progress 
Specimen B-25 
TRW EQUIPMENT LABORATORIES 
CREEP TEST MTA, TZC I PLATE, HEAT M-91, ANNEALED AT-3092'F ( 1 7 O O O C )  FOR 1 HOUR, 












































d L( inch)  
(2"  G.L.) 




-.00015 -. 00005 
-. 00015 
- .00020 


































-.002 -. 005 
-. 005 -. 008 -. 008 - .002 
- .008 - ,010 































P r e s  s u r e  




2 . 0  10-7 
2 . 0  10-7 
2 .0  10-7 
2.0 
2 .0  10-7 
2 .0  
2.0 10-7 
2.0 10-7 
2 .0  10-7 
2 .0  10-7 
2 .0  10-7 
1.1 x 10-8 




7 . 2  10-9 
7.0 10-9 
7 . 1  10-9 
7.0 10-9 












4 .0  
















l l i A  7 
V T W .  I 
TABLE X I  (Continued) 
Length Change 
AL( inch) Creep 
( 2" G .L. ) (%I 
.01510 
.01570 

































T e s t  Terminated 1% Creep 
Specimen B-31 
TRW EQUIPMENT LABORATORIES 
TABLE X I 1  
CREEP TEST DATA, mc PLATE, HEAT M-91, ANNEALED AT 2500'F (1371OC) FOR 1 HOUR 

















































-.00015 -. 00015 -. 00020 
-.00015 -. 00015 


























Creep Pressure  
(%> ( Torr 1 
- ,002 2.0 x 
.ooo 2.0 x 10-8 
- 005 2.0 x 10-8 
-.005 2.0 x 10-8 
- .005 2.0 x 10-8 
-, 008 2.0 x 
-. 010 2.0 x 10 - .008 2.0 x 
- ,008 2.0 x 
- .008 2.0 x 10;; 
-. 005 2.0 x 10-8 
-.015 2.0 x 10-8 
-.015 2.0 x 10-8 
-.012 2.0 x 10-8 
.040 2 . 7  10-9 
.050 2.2 10-9 
.052 2.0 10-9 
.058 1.6 10-9 
.008 1.1 x 
1 . 7  .052 
.060 5.2 x 10-l' 
.060 5.1 x 10-l' 
.062 5.1 x 10-l' 
.085 4.8 x 10-l' 
.090 4.6 x 10-l' 
.065 5.3 x 10-10 
.092 1 .2  10-9 
.092 4 .7  x 10-l0 
.092 1.1 
-10 
.095 9.5 x 
.095 9.8 x 10 -10 .095 9.5 x 
.098 9.8 x 10 
.095 9.8 x 10-l' 
. l oo  9.2 x lOI:E 
.098 9.2 x 10 
.098 9.8 x 10-l' 
. l o o  1.1 10-9 




CREEP TEST DATA, mo PLATE, HEAT NO. M.91, ANNEALED A T  2500'F (1371OC) FOR 1 HOUR, 





































c 2% .L . > AL( inch) 
- .00005 














































































9.7 x 10:; 

























CREEP TEST WTA. %M COMMERCIAL BAR. HEAT NO. 7463, STRESS RELIEVED 0.5 HOUR AT 
2250'F (1232OC) TESTED AT 2000°F(10930C), 41.000 P S I  (2.82 x N/mz) 
Length Change 



































-.00015 - .00010 - .00010 - ,00010 - .00010 - .00015 
-.00015 -. 00010 





















-. 002 -. 005 - 008 -. 005 
-.005 - 005 -. 005 




















2.4 x 101; 
2.4 x 10 
2.4 x 10: 








2.4 x 10-8 
2.4 x 
2.4 x lo:! 
2.7 x 
9 
3.0 x 10 
1.4 x 10Ilo 
9.7 x 10 
1.0 
1.0 log9 
9.4 x 10-l0 
9.5 x 10-l0 
8.8 x lo-'' 
8.0 x lo-" 
6.4 x 1O-I '  
6.3 x 10'" 
8 .0  x lo-'' 
5 . 5  x 10-l0 
5.5 x 10-1O -10 5.4 x 
5.4 x 10 
5.9 x 
Test In Progress 
Specimen B-34 
TABLE XV 
CREEP TEST WTA, T-111 SHEET, HEAT NO. lll-D-1670, ANNEALED 3000'F (1649OC) FOR 









































































1.7 x 101; 
1.7 x 10 
1.7 x 
1 . 7  x ~ 











2 . 0  10-9 
Tes t In Progress 
Spec imen 5-25 
TABLE XVI 
CREEP TEST MTA, Cb MODIFIED I Z M  WROUGHT BAR, HEAT NO. 4305-4, TESTED AT 











































































































































2 . 5  10-7 
2.5 
2.5 log7 
2.5 x lo-! 







1 . 7  
2.8 10-9 
2.5 
1 .3  
1.1 10-9 
1 . 2  10-9 
1.1 
1 . 2  10-9 
J.0 x 10 
1.1 
9.4 x -10 
1.0 
2.3 x 10:; 
2.0 x 10  
1.3 x 10:; 
1.1 2 10 
-9 1.6 x 
7.8 x 10-l' 
8 .7  x 10-l' 
8.6 x 
8.9 x 10 
8 .2  x 10-l' 
























TABLE XVI (Continued) 
Length Change 
( inch)  













































9.7 x 10-10 
7.4 x 10-10 
7.5 x 10-1O 
1.0 10-9 
9 .I n-10 1 . 9  x IV -10 7.7 x 
7.2 x 10 
9.0 x 10:; 
7.5 x 10 
7.2 x 
7.1 x 10 
7.0 x 10- 
6.6 x 10-l' 
7.9 x 
6.4 x 10 





6.9 x -10 
6.4 x 10-10  
Test Terminated - 1% Creep 
Specimen #B-27 
TRW EQUIPMENT LABORATORIES 
TABLE XVII 
CREEP TEST DATA, T = U 1  SHEET, HEAT NO, 70616, ANNEALED 30W°F (1649OC) FoBl 1 HOUR 
TESTED AT 2200°F (12Ob0C), 8,000 PSI (5.52 x 107N/m2) 
Length Change 
AL (inch) Creep Preasur e 
Time (2" G o  L o )  - (%I (Torr) 






o o o o 0 5  





0 0 0 0 0 0  
.oooo5 
.oooo5 
000000 . o0010 
000010 
000005 . 00005 
0 00010 . 00010 










.004os . 00470 
. m 3 0  
0 00545 
0 00560 . 00565 







































2.6 x 10-9 
2.6 x 10=9 
2.6 10-9 
2.6 10-9 
2.6 x 10-9 
2.6 10-9 
























2.6 x 10-9 
2.6 x 10-9 
2.6 x 10-9 
2.6 x 10-9 
2.6 x 10-9 
2.0 x 10-9 
1.4 x 10-9 




















































TABLE XVII (Continued) 
Length Change 
&I, ( inch)  




































































































1.3 x 10:; 
1.3 x 10 





1.1 x 10:; 
8.3 x 10 
7.0 x loe1' 
8.2 x 101:; 
9.0 x 10 
7.9 x 10 
8.3 x lo-'' 
7.0 x lo-'' 
7.5 x 
7.0 x 10 
7.2 x lo-'' 
7.0 x 1O-I' 
7.4 x 10 
6.6 x 10"O -10 6.5 x 
6.7 x 10-10 
6.5 x 10-10 
-10 
7.4 x 10:;o" 
6.9 x -10 
7.3 x 10:; 




-10 6.5 x 10 6.4 x 
6.5 x 10 
6.8 x 101:; 
6.8 x 10 
6.4 x 10Ilo 
6.6 x 
6.6 x 
6.4 x 10-10 
6.4 x 
6.6 x 10-10 
6.7 x 10 
7.0 x 10"O -10 6.6 x 
6.2 x 10 
7.0 x lo-'' 






























AL( inch) Creep 























































6.4 x l O I ~ ~  
6.8 x 10 
6.6 x 10:; 
6.8 x 10 
6.6 x 10llo 
6.4 x 
10 6.5 x 10 6.4 x 1OIl0 
6.3 x 10 
6.2 x 101:; 
6.5 x 
6.2 x 
6.4 x 10 
6.3 x 1O-I' -10 
6.2 x 
6.1 x 
6.2 x 10-10 
6.4 x 10 




6.2 x 10 
-10 6.1 x loelo 
6.2 x 
6.2 x 10 
5.9 x loelo 
Test i n  Progress 
Spec h e n  S -1 9 
TABL3 XVIII 
CREEP T S T  DATA, T - l l l  SHdET, HEAT NO. 70616, A N b W U D  3000'F (1649'C) FCR 1 BDUR, 































































AL ( i n c h )  Creep 



























































































Pressu re  







5.1 x 10I9 10 
1.0 x 
1.4 x 10 
8.0 x 10-l' 
1.8 x 10:; 
1.9 x 10 
7.2 x 10-l' 
8.1 x 10-l' 















1.6 x 101; 
1.5 x 10 
1.6 x 10'
1.4 x 10-,9 
1.7 x 10Ig 
1.7 x 10 
6.4 x 
6.8 x 10-l' 
6.0 x 10-l' 
6.7 x lo-' 
6.6 x 10-l' 
6.7 x 10-l' 
6.7 x 10-l' 
6.0 x l O I ; O  














































































5.5 x 10-10 
6.5 x lo-'' 
6.8 x lo-'' 
8.0 x lo-'' 
8.4 x 10"O 
7.0 x 101;; 
6.8 x 10 
8.2 x lo-' 




1.0 x 10-1O 
8.3 x 10-l' 
8.0 x 1O-I '  
TRw EQUIPMENT LABORATORIES 
TABLE XIX 
CREEP TEST DATA, ARC-MELTED TUNGS'IEN SHEET. ANNEALED 2800°F (1538°C) 
















































































Tee t Terminated 5% Creep 

























































2.0 x 10-8 















2.4 x 10:; 
2.4 x 10 
2.9 x lo4 
1.7 x 
6.8 x lom9 
1.7 x 101; 
1.5 x 10 
3.1 x lo-; 
1.6 x 10- 
TRW EQUIWENT LABORATORIES 
TABLE xx 
CREEP TEST DATA, VAPOR DEPOSITED TUNGSTEN, RECRPSTAUIZEI) 1 HOUR 2800’F (1538OC) 









(2” c,, L=) 
TRw EQUIPMENT LABORATORIES 





















2079 . 7 
2151.8 















































.03380 . 03465 . 03580 
-03665 . 03 785 
.03815 
.03785 
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